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REACTOR DESIGN UPSCALING géifg
EXPECTED & MANUFACTURE  Demo system, running for
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integrated systems
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continuous
testing

Novel catalysts with metallic/bimetallic
structures

"CRM-free or low CRM content

=Novel preparation processes in order to
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= Life-cycle assessment
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= Techno-economic
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Test in stirred reactors (G/L/S) with
continuous removal of hydrogen
(H> flow rate measurement).

Different temperatures
Different catalyst loadings

No solvent

@/\O —_ O +6H2

Mass

TCD

flowmeter
and GC-
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Liquid phase analysis
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Kim, T. et al. Journal of Energy Storage, 2023, 60, 106676
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HO-BT/H12-BT pair

Context of LOHC Few developments dedicated to Benzyltoluene/H12-BT.
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« High volumetric storage density (54.5 kgH»/m? at RT)

o Liquidin alarge range of T°C (-70 to +270°C)

« Excellent robustness in hydrogenation/dehydrogenation cycles
o Low viscosity for easy handling

« Reaction rates (Hyd/Dehyd) higher compared to those of the DBT-
based LOHC system (same conditions).

Irce lyo N T. Rude et al. Sustainable Energy Fuels, 2022, 6, 1541-1553 9/17
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Some ideas In the literature;

Strateqgy followed for the UnLOHCked project:

WOx-incorporated Pt/Al,O<z >~ Pt/Al,O< (H18-DBT)
C. H. Kim et al. Fuel, 2022, 313, 122654

Ni-modified catalysts active (MCH)
Y. K. Gulyaeva et al. Cataysts, 2020, 10, 1198

Develop bimetallic catalysts (NiZn, NiCu, NiISn but also PtSn, PtNi)

Develop single-atoms catalysts

Develop hydrogen spillover (Hsp) zeolites

Re, Fe, Mo, Zr mono and bimetallic catalysts (with Pt). Conventional

preparation (IWI) and ScCO, preparation

eman ta zabal zazu

o

UPV EHU
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Bimetallic catalysts

NICu and NiZn known to
selectively dehydrogenate methyl-
cyclohexane.

2nd metal allows an increase of
selectivity compared to Ni alone.
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Bimetallic catalysts

r— 8 NiCu and NiZn known to

The project selectively dehydrogenate methyl-

Methodology

. cyclohexane. |

Dehydrogenation 2nd metal allows an increase of

Dehydrogenation selectivity compared to Ni alone.

reactor

Liquid phase analysis

HO-BT/H12-BT pair

Catalysts Stategy:

: :

Shgesomerayes. - COo-impregnation

O nano-clusters - 2-steps SOMC chemistry

Hsp supports for . N ... .

hydrogenation - Preparation of Ni silicide NPs

Hehydrogenation In solution further immobilised Spesinen | STEMEE] i e 1L
Conclusion Onto Su pports Comment: Operator HAADF
|ICC 2024

=> different sizes (from 1.5 to 20-

50 nm) and different alloy phases. STEM-HAADF of Ni/SIiO;

Nizn: Al-ShaikhAli, A. H. et al. Chem. Commun., 2015, 51 12931-12934

NiCu: Gulyaevaq, Y. K. et al. Catalysts, 2020, 10, 1198

SOMC: Docherty, S. R. et al. JACS Au, 2021, 1, 450-458

Ni NPs: Galeandro-Diamant, T. et al. Catal. Sci. Technol, 2019, 9 1555 - 1558

c3cp2m
) i
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Liu, C. et al, JACS, 2022, 144, 4913-4924
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...Or hano-clusters

ContextankOHC Mesoporous Pt-0.33Mn0O,~Al,O, (mPt0.33MnA)
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« The higher ramp rate in H, reduction of mPtMnA leads to activity
Improvement.
« Pt nanoclustering with MNnOx (<« 2 hm) favored

Jo, Y. et al Appl. Catal. B, 2023, 334, 122848
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Hsp supports for hydrogenation

r— MF|l and CHA, supporting ﬁi‘
The project metal nanoclusters (size <2 nm) A s
Methodology Hydrogen spillover phenomenon ) t iy -y
Dehydrogenation to enhance the active phase. :
Dehydrogenation W =
b i Compromise between H- diffusion O O )
Liquid phase analysis p ) 2 o elorem i "
HO-BT/H12-BT pair and H SlOlllover itot NG G e
o => modification of the standard (A AOLN LA AN, Y
imetallic catalysts . , NN N YT A2\ VT ANYNT A Size
Single-atom catalysts... ZeO“te prO pe rtIeSI exclusion
..Or nano-clusters > e
Hsp supports for ° BrﬁnSted aC|d|ty
hydrogenation S/Al t
Hsp supports for ¢ | ratio ; 4 Hastbi N Pyridine
dehydrogenation e EXtra framework aluminum i aaliBes oPpe l as driving force
Conclusion . @Hf—\ TN T .
|ICC 2024 ° SI-O H . H H Ql H
,.--'O\N_/O\SE/O\N/O\SQ/O\N/O\S!/
Batalha, N. et al. Catal. Sci. Technol. 2022,
12, 1117-1129 “ "
Im, J. et al. Nature Communications, 2014, . g H
5 35370 5 e Piperidine
H@H H H " ) "
’ "'0\Al/S\Si/o\Ai/é\\Si/o\Al/é\Si/
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Hsp supports for dehydrogenation

Dehydrogenation enhanced by reverse hydrogen spillover
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Im, J. et al. Nature Communications, 2014, 5, 3370
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Eajﬁjdrogenauon o Catalyst development from July 2023 to July 2025
A on » Upscaling of the best catalyst(s) by Heraeus
rLeic(jLCJJitgrphase analysis ° Coupllng Wlth SOFC
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UnLOHCked kick-off meeting on July

Catalyst development from July 2023 to July 2025
Upscaling of the best catalyst(s) by Heraeus
Coupling with SOFC

Demo end 2026
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Context of LOHC

The project . T .;_ 5

Methodology o SNENAYV g e

Tasks oL\ b B g

Dehydrogenation . .. o :

issues N oN\( Loisries 4 N b |
Dehydrogenation UETE 8 AR :
reactor 18t" ICC , International e QRS L

Liquid phase analysis
HO-BT/H12-BT pair
Catalysts

Bimetallic catalysts
Single-atom catalysts...

...Oor nano-clusters

Hsp supports for
hydrogenation

Hsp supports for
dehydrogenation

o Short-symposium "Catalytic reactions for hydrogen storage and
release" (R. Janot, N. Bion, V. Mellle...).

e LOHC
« Circular storage (NH=z)

o Solid-state H, storage: Catalytic reactions to enhance the
dehydrogenation

JuLY14-19,2024  Congress on Catalysis

% LYON ® FRANCE

PARTICIPATE TO ICC 2024 in LYON!
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